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ABSTRACT
BACKGROUND: Various authors defi ned three patterns of the posterior part of the circulus arteriosus cerebri 
Willisi (CW) according to the diameter of the posterior communicating artery (PCoA) and the precommunicating 
segment of the posterior cerebral artery (P1). In the adult pattern, the P1 has a diameter larger than the non-
hypoplastic PCoA. In the transitional pattern, the diameter of the PCoA is equal to that of the P1. In the fetal 
pattern, the diameter of the P1 is smaller than the diameter of the PCoA. The study was aimed to evaluate the 
confi gurations and calibers of the posterior part of the CW. 
METHODS: The work was conducted on 185 adult post-mortem brains. The CW and its branches were pho-
tographed by a digital camera. We used the software Image J to evaluate and process the gained images. 
RESULTS: The fetal pattern was found unilaterally in 8.37 %, and bilaterally in 4.86 %. The transitional pattern was ob-
served unilaterally in 6.47 %, and bilaterally in 1 %. The prevalence of the unilateral and bilateral adult patterns was equal 
(21.62 % for each confi guration). The hypoplastic PCoA was found unilaterally in 17.57 %, and bilaterally in 16.76 %. 
CONCLUSION: Various factors including genetic and environmental may affect the development of the cerebral 
vessels and their dimensions. The distinguishing of the vascular dimensions in vivo can help in the expectation 
and may be the avoidance of possible cerebrovascular disturbances in the future. Correlation and interdisciplin-
ary cooperation of the studies dealing with morphology, radiology, and hemodynamics of the cerebral vessels 
are becoming an urgent need. The assumed results of this cooperation can be used in tabulating the calibers 
of the cerebral vessels and determining the threshold dimensions under which failure of hemodynamics and 
collateral function may appear (Tab. 2, Fig. 5, Ref. 28). Text in PDF www.elis.sk.
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Introduction

The posterior cerebral artery (PCA) is the terminal branch of 
the basilar artery (BA) at the level of the interpeduncular fossa. 
It is divided according to its attachment to the posterior commu-
nicating artery (PCoA) into the pre-communicating part (P1) and 
the post-communicating part (P2) (1). 

The paired PCoA is the collateral vessel between the internal 
carotid and vertebrobasilar systems. In the physiological cases, the 
pressure of streams from both systems will be equal in the PCoA 
causing almost no mixture of blood. On the other hand, if any 
of the systems does have an obstructive disease; blood will fl ow 
from the normal system to the one with lower pressure through 
the communicating arteries (2, 3, 4)

The most commonly appearing variation of the arterial caliber 
between individuals occurs in the PCoA (1). Various authors dis-

tinct and describe three patterns of the posterior part of the circlus 
arteriosus cerebri Willisi (CW) on the base of the vascular caliber 
of the PCoA and the P1 segment. In the adult pattern, the P1 has a 
diameter larger than the non-hypoplastic PCoA. In the transitional 
pattern, the diameter of the PCoA is equal to that of the P1. In the 
fetal pattern, the diameter of the P1 is smaller than the diameter 
of the PCoA (5, 6, 7) (Fig. 1).

The diverse patterns of the posterior part of the CW might have 
a different effect on the cerebral circulation during the pathological 
processes. The present work focuses on studying and evaluating 
the variable vascular confi gurations of the posterior part of the 
CW and their various morphometric characteristics.

Materials and methods

The study was conducted on 185 adult post-mortem brains (370 
hemispheres), which were obtained during the anatomical autop-
sies at the Faculty of Medicine, Comenius University in Bratislava. 
The brains were removed from the cranial cavity and preserved in 
a solution of formalin (38 % formaldehyde) and alcohol (isopro-
pyl alcohol). The arachnoid was thoroughly dissected from each 
cerebral base to evaluate the vessels of the brain. The CW and 
its branches were photographed with an Olympus digital camera 
(Camedia C-5050). We used the image processing software Image 
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J (U.S. National Institutes of Health) to evaluate the external vas-
cular values (length and the external diameter). Vascular calibers 
were measured according to the metric scale, which was applied 
in situ. The scale established the known metric measure in each 
image, according to which the software was able to determine the 
metric distances of the image by computing the pixel differences.

Results

Several morphological studies defi ned the hypoplastic PCoA as 
a vessel with a diameter lesser than 1 mm. The authors of various 
radiological studies considered the lesser threshold of the hypo-
plastic vessels ranged between 0.4–0.8 mm (2, 8, 9). The brains 
used in this study were fi xed in formalin and alcohol; therefore, 
we calculated with a reduction in the vascular calibers (10). Due 
to this fact, we determined the 0.8 mm, limit as the threshold, un-
der which the artery was indicated as hypoplastic. 

The mean outer diameter of the right PCoA was 1.1 mm with a 
range from 0.34 to 3.37 mm. The mean diameter of the left PCoA 
was 1.04 mm with a range 0.35–2.78 mm. The hypoplasia of the 
PCoA was seen bilaterally in 31 brains (16.76 %). The unilateral 
hypoplastic artery was found in 17.57 % of cases. The left-sided 
hypoplasia was distinguished in 36 hemispheres (9.73 %). The right 
hypoplastic PCoA appeared in 29 hemispheres (7.84 %). The PCoA 
was absent in 1.62 % of cases. The aplasia of the artery occurred 

Fig. 1. The vascular patterns of the posterior part of the circulus arteriosus cerebri. (a) Bilateral fetal pattern. (b) Bilateral transitional pattern. 
(c) Bilateral adult pattern. (d) Bilateral hypoplasia of the posterior communicating artery (PCoA). ICA – internal carotid artery; P1 – precom-
municating segment of the posterior cerebral artery; P2 – postcommunicating segment of the posterior cerebral artery; BA – basilar artery.
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Fig. 2. Fenestration of the right posterior communicating artery 
(PCoA) is signed by a black arrow. ICA – internal carotid artery; 
PCA – posterior cerebral artery; BA – basilar artery.



El Falougy H et al. The vascular patterns of the posterior part of the circulus arteriosus cerebri… 

xx

681

in three hemispheres for each side. The PcoA was fenestrated in 
one case at its attachment with the PCA (Fig. 2). 

The infundibular dilatation at the attachment of PCoA with 
the internal carotid artery (ICA) was identifi ed in 16 hemispheres 
with the average diameter of 2.5 mm. It was detected bilaterally 
in four brains (2.16 %), unilaterally at the right side in fi ve cases 
(1.35 %) and the left side in three cases (0.8 %). 

The mean outer diameter of the right P1 was 1.78 mm with a 
maximal diameter of 2.9 mm and minimal diameter 0.67 mm. The 
mean diameter of the left P1 was 1.87 mm with a range from 0.42 
to 3.2 mm. The right P1 segment was lesser than 0.8 mm in four 
cases (1 %), and the left P1 was hypoplastic in two cases (0.54 %). 
The posterior cerebral artery (PCA) was doubled in two cases. 
In the fi rst case: the fi rst PCA originated from the ICA and had a 
higher caliber than that of the second PCA, which was branched 
from the basilar artery; the second PCoA was connected with ICA 
by an anastomosing vessel (Fig. 3). In the second case: the fi rst 
and the second PCA originated from the ICA and BA respectively; 
a communicating vascular bridge joined the two arteries (Fig. 4).

The right-sided fetal pattern was found in 18 hemispheres 
(4.86 %), and the left-sided fetal pattern occurred in 13 hemi-
spheres (3.51 %). The bilateral fetal pattern was noted in nine 
brains (4.86 %). The right-sided transitional pattern was observed 
in 11 cases (2.97 %), and the left-sided transitional pattern was 
seen in 13 cases (3.5 %). The transitional pattern occurred bilater-
ally in two brains (1 %). The adult pattern appeared on the right 
side in 42 hemispheres (11.35 %) and the left side in 38 hemi-
spheres (10.27 %). The bilateral adult pattern occurred in 40 brains 
(21.62 %). The results are summarized in Table 1 and Figure 5. 

Fig. 3. Duplication of the right posterior cerebral artery (1PCA, 2PCA). 
The arrow signs the anastomosing vessel, which connected the 2PCA 
with the right internal carotid artery (ICA). PCoA – left posterior 
communicating artery, PCA – left posterior cerebral artery, BA – 
basilar artery.

Fig. 4. Duplication of the right posterior cerebral artery (rPCA), the 
arrow head signs the communicating vessel, which interconnected the 
doubled arteries. ICA – internal carotid artery; lPCA – left posterior 
cerebral artery; BA – basilar artery.

Fig. 5. The prevalence of the vascular patterns of the posterior part 
of the circulus arteriosus cerebri in 370 hemispheres

 Mean length±SEM (mm) Mean diameter±SEM (mm)
Right PCoA 10.62±0.24 1.1±0.039
Left PCoA 10.48±0.24 1.04±0.035
Right P1 5.48±0.13 1.78±0.038
Left P1 5.78±0.15 1.87±0.038
Right P2 - 2±0.028
Left P2 - 2±0.03

Tab. 1. The mean length and diameter ± the standard error of the 
mean of the posterior communicating artery (PCoA), and precom-
municating segment (P1) and postcommunicating segment (P2) of the 
posterior cerebral artery.
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Discussion

The vertebral arteries emerge as a secondary development from 
two series of six cervical intersegmental arteries. These vessels 
provide the proximal supply to the longitudinal neural arteries. 
The two longitudinal neural arteries consolidate across the mid-
line to form the basilar artery (BA). The ICA develops from the 
third aortic arch and the cranial portion of the dorsal aorta. The 
anastomotic connections between the vertebrobasilar and internal 
carotid arterial systems create the CW (11, 12, 13). Anomalies and 
changes of the developmental process during the embryological 
period may cause numerous variations of caliber and confi guration 
of the brain arteries. These anatomical variations may be attributed 
to: 1. the choice of unusual paths in the primitive vascular plexus; 
2. the persistence of vessels usually obliterated; 3. the disappear-
ance of vessels usually retained; 4. incomplete development; and 
5. fusion and absorption of parts usually different (11, 14). 

The variations of the CW are the consequences of devel-
opmental modifi cations. The statistical analysis established the 
relationship between the stage of the brain development and the 
forming of the diverse confi gurations. The transitional pattern, 
characterized by the equal diameter of P1 and PCoA appears 
early in the development. The frequency of the appearance of 
the fetal and adult patterns increases during development at the 
expanse of the transitional pattern due to the rapid growth of the 
occipital lobe (15). 

The caudal branch of the primitive ICA creates a plexiform 
structure preceding its incorporation into the PCoA and PCA. This 
plexus may persist postnatally as the single intermediate commu-
nicating artery, which explains the origin of the vascular anasto-
mosis joining the doubled PCA. The persistence of the vestigial 
vessels of the internal carotid and vertebrobasilar systems or the 
carotid-basilar anastomoses explains the cases of vascular dupli-
cation and fenestration (14, 16). 

The prevalence of the vascular confi gurations of the posterior 
part of the CW reported in the literature showed a vast range. The 
incidence of the fetal pattern varied from 15 to 40 % of cases. The 
transitional pattern appeared in 8–18 % of cases, and the adult 
pattern was observed in 30–77 % of cases. Hypoplasia of the 
PCoA was varied from 18 to 32 % of cases. The right PCoA was 
absent in 2.2–4.5 %, and the left artery was absent in 0.85–6.5 % 
of cases (5, 6, 15, 17, 18, 19). The present study showed that the 
prevalence of the fetal pattern, including the bilateral and unilat-
eral occurrence was lower than the range of the previous studies 
(13.23 %). The unilateral and the bilateral transitional pattern 
were identifi ed in about 7.47 % of the cases. The adult pattern 

was the most commonly observed vascular confi guration in the 
present study (43.24 %). The occurrence of the PCoA hypoplasia 
was higher than the range specifi ed in literature (34.33 %). The 
rate of the PCoA aplasia was lower than the range described by 
the previous studies (0.81 % for each side). Table 2 is presenting 
a compression of some morphological studies of the posterior 
part of the CW.

The PCoA infundibulum is a funnel-shaped dilatation of the 
attachment of the PCoA with ICA. This dilatation can be confused 
with an aneurysm during the surgical procedures. It was pointed 
out in the previous studies in the range from 6 to 22 % (6, 20, 21, 
22). The incidence of the infundibular dilatation in the present 
work was 4.31 % of cases.

The vascular diameter is not constant, and it can change to a 
minor extent during the time. Therefore, the outer diameter of the 
hypoplastic artery can rise over time. The post-mortem measure-
ment is carried out on empty and compressed vessels, which can 
cause differences in the measured vascular calibers among the 
radiological and morphological studies (9, 23). 

As the calibers of the cerebral vessels differ amongst the gen-
eral population and as the resistance to the blood fl ow of a vessel 
is proportional to the fourth power of the vessel diameter, a minor 
change in the vascular diameter may lead to a profound infl uence 
on the ability to provide collateral fl ow. The vascular threshold 
diameter permitting the collateral fl ow through the CW lies be-
tween 0.4–0.6 mm (8, 24).

The morphological anomalies of the CW were considered a 
risk factor of the cerebral aneurysms, hemorrhage, and ischemia. 
The disorder of the anastomosis between the carotid and verte-
brobasilar systems may cause disturbances in the blood fl ow to 
individual parts of the brain (25). The different patterns of the 
posterior part of the CW may cause several consequences from 
the clinical point of view, which receives its blood supply from 
the posterior cerebral artery such as: thalamus, mesencephalon and 
occipital lobe. The hypoplastic PCoA becomes a risk factor for 
the ischemic cerebral stroke in the case of presence of ipsilateral 
occlusion of the ICA (5, 26, 27). The incidence of aneurysm de-
velopment in the fetal and transitional pattern, and in the case of 
hypoplastic PCoA, is higher than in the adult pattern (5). Owing 
to the adjacent topographical relation of the PCoA and the oculo-
motor nerve, the PCoA an aneurysm is responsible for 13–30 % 
of the acquired third cranial nerve palsies (28).

The circulus arteriosus cerebri Willisi presents a unique vas-
cular system, which permits a degree of collateral blood fl ow. Nu-
merous factors including genetic and environmental factors may 
affect the development of vessels and their dimensions. Therefore, 

Number of hemispheres Adult pattern 
 (%)

Transitional pattern
 (%) 

Fetal pattern
 (%)

Hypoplastic PCoA
(%)

Saeki and Rhoton (1977) 100 54 - 22 32
Al-Hussain (2001) 100 77 8 15 -
Avci et al (2004) 34 30 14 28 28
De Silva et al (2009) 450 93.3 2.2 4.4 -
Present study (2018) 370 43.24 7.47 13.22 34.58

Tab. 2. Comparison of some morphological studies of the posterior part of the circulus arteriosus cerebri.
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variable vascular patterns are formed with physiological or even 
pathological effect on the hemodynamics and collateral function 
of the cerebral vessels. The detecting of the vascular dimensions 
in vivo can help in the prediction and may be the prevention of 
possible cerebrovascular pathologies in the future. Correlation 
and interdisciplinary cooperation of the studies dealing with mor-
phology, radiology, and hemodynamics of the cerebral vessels are 
becoming an urgent need. The assumed results of this coopera-
tion can be used in tabulating the calibers of the cerebral vessels 
and determining the threshold dimensions, under which failure 
of hemodynamics and collateral function may appear. 
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